A taxonomic revision of broad-leaved Potamogeton species ascribed to the ' P. schweinfurthii-thunbergii complex' occurring in Africa and on surrounding islands is presented. Three species, P. nodosus , P. richardii and P. schweinfurthii , are recognized in the African mainland. The widespread species P. nodosus has been widely overlooked in sub-Saharan Africa. It is recorded here for the first time from eight countries of tropical and southern Africa and from six surrounding islands. The distribution of P. richardii is critically revised and the species is recorded for the first time from Cameroon, Swaziland and Madagascar. P. schweinfurthii is recorded for the first time from Algeria, Tunisia, Burkina Faso and Niger. The nomenclature of all three species is revised. Lectotypes are designated for six names. All original material of the name P. thunbergii Cham. et Schltdl. actually belongs to P. nodosus Poir. The correct name for the East and southern African species called ' P. thunbergii ' is P. richardii Solms. The lectotype of P. schweinfurthii designated by Dandy proved to be P. nodosus . A new type is therefore proposed for the species generally named P. schweinfurthii and the name itself is proposed for conservation. The morphology and stem anatomy of P. nodosus , P. richardii and P. schweinfurthii are described. In spite of some overlaps in the morphological variation in their vegetative characters, a detailed analysis of the variation patterns and instructions for reliable identification are given. The distributions of all three species are described, based solely on reliably identified specimens, many of which were also examined anatomically. Distribution maps are provided.
INTRODUCTION
In spite of the fact that the diversity of Potamogeton in Africa, compared with other continents, is relatively low (cf. Wiegleb, 1988) , the taxonomy of the African species was obscure for a long time and some taxonomic questions remain unanswered. A century ago, Bennett, besides creating many correct records, also erroneously introduced a few species that have actually never been collected in Africa, such as P. alpinus Balb. (Bennett, 1895 (Bennett, , 1897 (Bennett, , 1901 , P. friesii Rupr. (Bennett, 1897) and P. filiformis Pers. (Bennett, 1895 (Bennett, , 1901 . The voucher specimens that relate to these altogether 20 species from Africa and surrounding islands.
All these taxa are recognized in the worldwide treatment of Potamogeton by Hagström (1916) , who also added eight new species from Africa and surrounding islands. Altogether (approximately) 31 species were recorded from this continent in the late 1920s. This is much higher than the 14-15 species today confirmed from Africa and surrounding islands (cf. Wiegleb & Kaplan, 1998) . The number of Potamogeton taxa recorded from Africa was much reduced in three important taxonomic works covering three major parts of Africa: northern Africa was reviewed by Maire (1952) , tropical Africa by Dandy (1937) and southern Africa by Obermeyer (1966) .
The most difficult group of broad-leaved Potamogeton species was critically investigated by Symoens, van de Velden & Büscher (1979) . They presented a pilot study of the P. thunbergii-nodosus complex in Africa. They proved that P. nodosus and ' P. thunbergii ' sensu Obermeyer non Cham. et Schltdl. (in this paper called P. richardii ) really represent two distinct evolutionary entities, with different stem anatomies and chromosome numbers, in spite of very weak morphological differentiation. In contrast, they found no reason for distinguishing southern African populations of ' P. thunbergii ' from East African P. richardii . They provisionally outlined the distribution of P. nodosus and ' P. thunbergii ' in Africa based on the material available to them at that time, and concluded that there is no overlap in the distributional ranges of the two species as there was no country where both the species occur. P. nodosus was reported mainly from northern and western Africa, south to Angola, whereas ' P. thunbergii ' was identified in southern and eastern Africa. Subsequent examination of additional specimens from southern Africa revealed the scattered occurrence of P. nodosus in Namibia, Botswana and South Africa (Schoeters, 1980) . In the course of his studies on Potamogetonaceae for the Species Plantarum -Flora of the World, Z. Kaplan examined herbarium material of this group from Africa (more than 1300 specimens of the P. nodosus-schweinfurthii-thunbergii complex preserved in 34 herbaria). A careful examination of the morphology and stem anatomy of some suspect specimens from southern Africa revealed much southern and south-eastern occurrence of P. nodosus . New localities for taxa extremely rare in Africa were also found. These observations revealed a need to reevaluate some taxonomic and nomenclatural assumptions and critically review plant material from the whole of Africa and surrounding islands. In addition to other findings, it has also been found that confusion and misinterpretation also affected the type material, and its detailed evaluation showed that at least one of the generally accepted names belongs to a different species.
The dataset collected by Z. Kaplan was combined with an updated list of specimens studied by J. J. Symoens, including the records collected mainly for Flora Zambesiaca and for Flora of Tropical East Africa. The aim of the present paper is to define three similar broad-leaved species occurring in Africa in terms of variation in morphology and stem anatomy, revise the distributions of these species and provide a critically checked nomenclature.
MATERIAL AND METHODS
For the investigation of stem anatomy, short pieces of stem were cut from the internode of a main stem, soaked for 1 to several days in a solution of water, alcohol and glycerol at a ratio of 1 : 1 : 1. Thin slices of stem were either cut transversely by hand with a razor blade under a stereomicroscope and then stained in a drop of water with toluidine blue (Z. Kaplan) or cut to a thickness of 5 m m using a microtome from stem segments embedded in paraffin and then stained with ammoniacal fuchsine and astra blue (J.-J. Symoens). After 1-3 min, depending on stainability, the samples were washed in distilled water and studied under a microscope using transmitted light, either directly (Z. Kaplan) Bennett (1905) from B. However, this specimen was destroyed during World War II and our search through the specimens of B proved unsuccessful. However, two duplicates survive: one in Schlechtendal's herbarium in HAL and one in Chamisso's herbarium kept in LE. A single shoot is preserved on the sheet in HAL. The plant is in flower, with five floating and two submerged leaves. The floating leaves have an elliptical lamina, of greenbrownish colour, show no indication of a discoloured section at the upper end of the petiole at the junction with the lamina, and are broadly cuneate at the base. The submerged leaves are well preserved, with the lamina oblong to narrowly oblong, on long petioles. Stem anatomy shows the stele to be of trio type, the endodermis of O-type and no bast bundles in the cortex. The plant clearly belongs to the species now called P. nodosus . The herbarium sheet preserved in LE bears one shoot. The plant has a spike with young fruits and six leaves concentrated on the upper part of the stem. One of the leaves is submerged, with a petiole 16 cm long and a narrowly oblong lamina; the rest are floating leaves, with a similar shape and colour to those of the HAL duplicate. The LE specimen also belongs to P. nodosus .
The specimen ' P. natans sensu Thunberg, Fl. Cap.', which refers to the citation 'In fluvio Zeekorivier, et Verkeerde valley' in Thunberg's (1823) Flora Capensis, is preserved in Thunberg's herbarium at UPS under number 3843. There is no indication of the origin of the plant on the sheet but this is the only specimen in Thunberg's herbarium identified by him as ' P. natans ' (see also Juel, 1918) . This specimen consists of two flowering shoots, each with several elliptical floating leaves, one also with three remnants of petiolate submerged leaves. The stem anatomy is fully consistent with that of P. nodosus but clearly excludes identity with the African species now called ' P. thunbergii ': stele of proto type, endodermis of Otype, interlacunar and subepidermal bundles absent, pseudohypodermis absent. Thus, like the HAL and LE specimens, this syntype also belongs to P. nodosus .
As the Mundt & Maire's specimens are the only ones undoubtedly seen by Chamisso & Schlechtendal, we selected a lectotype from among the plants in this collection. We selected the duplicate in the Schlechtendal's herbarium in HAL for designation as it is better preserved: are the duplicates seen by Bennett and upon which he based his description of P. schweinfurthii.
There are two sheets of Schimper 1359 in BM and a single sheet in K, each bearing several plant fragments, with many submerged leaves and a few floating leaves. The submerged leaves are sessile or with a petiole of up to 2.8 cm, and a lamina up to 21 cm long and 6-13 mm wide. The stem has a stele of trio to oblong type, endodermis of U type, interlacunar bundles present as scattered in one circle, subepidermal bundles absent and a pseudohypodermis of one continuous layer. These plants are what is now called P. schweinfurthii.
Two sheets of Schweinfurth 1223 are preserved in K. These sheets bear a tightly pressed mass of plant shoots with many submerged leaves and a few floating leaves. The submerged leaves have petioles 4-10 cm long and laminas c. 8-11.5 cm long and 5-11.4 mm wide. The stem has a stele of trio type, endodermis of O-type, lacks both interlacunar and subepidermal bundles, and pseudohypodermis is present in one incomplete layer. This collection clearly belongs to P. nodosus.
The single sheet of Schweinfurth 1165 in K bears a plant with two submerged, one transitional and four floating leaves. The submerged leaves have petioles 4.0-4.3 cm long, and laminas 8.3-8.9 cm long and 4.5-11 mm wide. The floating leaves have petioles 3-4 cm long, and laminas 3.9-4.7 cm long and 10-19 mm wide. The stem has a stele of trio type, endodermis of O-type, cortex without bundles and no subepidermal bundles or pseudohypodermis. This plant is taxonomically identical with P. nodosus.
When working on a revision of the genus Potamogeton in tropical Africa, Dandy (1937) Unfortunately, as described above, the lectotype of the name P. schweinfurthii actually belongs to P. nodosus and not to the species today widely known under the former name. On the basis of Dandy's typification, our recent examination of the lectotype and the strict application of the nomenclatural rules of the ICBN (Greuter et al., 2000) , the name P. schweinfurthii would become a synonym of P. nodosus and a different name would have to be used for the African species under concern. There are several names at the rank of species available for this taxon, the three oldest of them being of equal priority: P. repens Hagstr., P. promontoricus Hagstr. and P. capensis Scheele ex Hagstr. However, each of these names was only used by its author in the original protologue but not adopted by any other researcher. Using any of these names would be a typical example of resurrection of a long-forgotten name for purely nomenclatural reasons. In contrast, the name P. schweinfurthii was in consistent use for more than 100 years.
The use of the name P. schweinfurthii in a new sense would constitute an undesirable change contrary to Art. 57.1 of ICBN. This widely used name would be replaced by one of its synonyms and itself would become a synonym of another name, which could cause confusion of literature records. As the lectotypification by Dandy was formally correct, it cannot be superseded without a conservational proposal. To avoid the disadvantageous change and ensure nomenclatural stability, we propose to conserve the name P. schweinfurthii A. Benn. with one element of the original material of Bennett, the specimen Schimper 1359 preserved in K, as its conserved type (Kaplan & Symoens, 2004) .
DESCRIPTIONS, NOMENCLATURE AND DISTRIBUTIONS
Only brief descriptions, consisting exclusively of diagnostic characters, are given. Besides P. nodosus, the two species most frequently confused with it in tropical and southern Africa are described, namely P. schweinfurthii and P. richardii. All features and character values are described exclusively from material of African origin.
The complete nomenclature is provided for P. richardii and P. schweinfurthii. Because of the extensive synonymy of P. nodosus (see also Wiegleb & Kaplan, 1998) , only the more important synonyms are cited here, especially those most frequently used and based on material from Africa or adjacent territories.
The revised distributions of all three species in Africa and on surrounding islands are given. The identity of all collections of P. nodosus from tropical and southern Africa given in the list of specimens and in the map was confirmed by stem anatomy. The distribution of P. richardii is based either on welldeveloped fruiting specimens or on anatomically studied herbarium collections and purged of misidentified specimens of P. nodosus and morphotypes of P. schweinfurthii with floating leaves. Only selected representative specimens are listed for each species. However, the maps are more or less up to date and all reliably identified specimens seen by us were included. A detailed distribution of P. schweinfurthii for many countries is also available (Obermeyer, 1966; Lisowski et al., 1978; Jafri, 1984; Symoens, 1984; Wiegleb, 1995) . The literature is relatively reliable as it generally refers to the easily recognizable phenotype of this species with only submerged leaves developed. The literature on P. richardii is less reliable because of the confusion with P. nodosus, which was not previously recognized in the greater part of Africa. Floating leaves usually present, always in flowering or fruiting adult plants (sometimes absent in adult fertile plants growing in strongly flowing water, but we have not seen such specimens from Africa); lamina coriaceous, light green, opaque, often with a reddish tinge, sometimes brownish or rarely secondarily blackish (when dried slowly), narrowly oblong to broadly elliptical, mostly narrowly to broadly cuneate and narrowed towards the petiole, but sometimes even rounded at base, particularly in standing water; petiole often narrowly winged towards the lamina, never with a discoloured section. Submerged leaves usually present, well developed and preserved in running water, but sometimes decaying in shallow standing water, petiolate; lamina membraneous, narrowly oblong to oblanceolate-oblong, never reduced to phyllodes, light green to reddish brown, usually 11-15-veined in fully developed upper leaves, lower leaves with fewer veins, gradually narrowed towards a narrowly obtuse or subacute apex, often broadly obtuse in leaves from the basal parts of the stem, never mucronate; petiole mostly more than 3 cm long, often even longer than 10 cm in running water, but can sometimes be very short in standing water, 0.2-2 times as long as the lamina.
Potamogeton nodosus
Stipules widest near the base and gradually narrowing to their apex, often quickly decaying and gradually disappearing. Peduncles as thick as or sometimes slightly thicker than the stem. Fruits 3.0-3.9(-4.0) mm long, reddish brown or sometimes reddish green, with ± obtuse and low dorsal keel.
Stem anatomy: stele of trio or sometimes proto type, endodermis of O-type, interlacunar bundles absent, rarely a few present, subepidermal bundles absent, rarely a few present, pseudohypodermis absent or present as one, often incomplete layer.
Representative herbarium specimens (see also Figs 1, 2). In Africa, P. nodosus most often occurs in rivers and standing water in lowlands along the coast, particularly along the Mediterranean and South African coasts (Fig. 3) . It is also often found in large inland river deltas, such as that of the Okavango river. In its entire range, P. nodosus often behaves as 'island species', as more than any other Potamogeton species it is recorded from islands. Also around Africa, P. nodosus was collected on most islands with suitable aquatic habitats. On the African mainland, this species is absent in tropical rain forests. There are no Potamogeton species in this habitat. This is probably because of a combination of acidic and nutrient-poor water and high temperatures. Similarly, species of Potamogeton do not occur in Amazonia.
Potamogeton nodosus is here reported for the first time from Gulf of Guinea Islands, Ethiopia, Tanzania, Zambia, Zimbabwe, Namibia, Botswana, South Africa, Lesotho, Seychelles, Comoros, Mauritius, Réunion and Marion-Prince Edward Islands.
Altitudinally, most of the localities occur at or near sea level or up to altitudes of 300 m a.s.l. However, particularly on plateaux, P. nodosus reaches altitudes of 1000-1500 m a.s.l. It has only exceptionally been collected at higher altitudes. Floating leaves always present on adult plants, which never flower and fruit in the absence of floating leaves; lamina coriaceous, light green to deep green or sometimes olive green, occasionally slightly shiny, sometimes brownish or secondarily blackish (when dried slowly), oblong to broadly elliptical, mostly rounded or sometimes broadly cuneate at base; petiole sometimes enarrowly winged towards the lamina, often with a discoloured section on its upper end at the junction with the lamina, though sometimes only on some leaves or not very apparent. Intermediate leaves, similar in shape to floating leaves, sometimes develop just below the water surface. Submerged leaves decaying early, generally not present on adult plants, rarely one or two are present at the fruiting stage, often partly rotten, short to long petiolate; lamina membraneous, narrowly oblong to linear-lanceolate, sometimes almost reduced to phyllodes, mid green to blackish, 5-9(-15)-veined, gradually narrowed towards a narrowly obtuse apex, never mucronate; petiole often narrowly winged towards the lamina, mostly 5-15 cm long, exceptionally up to 23 cm long, 0.3-2 times as long as the lamina.
Potamogeton richardii
Stipules robust, widest near the base and gradually narrowing towards the apex, persistent grey fibres remain after they decay. Peduncle as thick as or sometimes even thinner than the robust stem. Fruits (3.7-)3.9-5.2(-5.5) mm long, ochre brown to pale brown or seldom dark blackish brown or greenish brown, rarely with reddish-brown tinge, with acute and high distinct dorsal keel and often with a pair of low lateral keels or ridges.
Stem anatomy: stele of trio type, endodermis of Utype, interlacunar bundles present in (1-)2-3 circles, subepidermal bundles mostly present, pseudohypodermis present, one-layered.
Representative herbarium specimens (see also Figs 4, 5). The submerged leaves of P. richardii do not persist on the plants but decay early during the development of a plant, usually when the floating leaves develop. Herbarium specimens rarely have submerged leaves (Fig. 4) . Of the approximately 350 herbarium specimens examined in this study, only 13 had remnants of submerged leaves and were in this respect complete, which is less than 4%. The following collections contain specimens that have the best preserved submerged leaves (see also Fig. 5 ): J. Lewalle 5149 (BR, G), Overlaet 832 (BR, BRVU), R. Christiaensen 1567 (BRVU) and F. G. Meyer 7827 (K). Care must be taken to distinguish submerged leaves, which are membraneous and narrowly oblong to linear-lanceolate, from floating coriaceous leaves of elliptical shape that are beneath the water surface because of a sudden rise in water level.
Potamogeton richardii is a strictly African (incl. Madagascar) species (Fig. 6) , growing mainly in regions with a high rainfall (1500 mm or more per year). It occurs mostly at elevated altitudes up to 3450 m a.s.l. The species is mainly distributed in the Afromontane region (archipelago-like regional centre of endemism, according to White, 1983) . It occurs from Eritrea to the southernmost part of Africa, including the eastern half of the Zambezian Domain, and is here reported for the first time from Cameroon, Swaziland and Madagascar.
The recent discovery of P. richardii in Cameroon adds one more species to the list of the species with a disjunctive distribution occurring in the Cameroon mountains and in the Ethiopian and East African mountains. Engler (1892) emphasized the high number of species common to the Cameroon highlands and the mountains of eastern Africa, in spite of the great distance separating them (c. 3000 km). Similar patterns of distribution on the African mainland have been found for taxa of very different families, e.g. Rapanea melanophloeos (L.) Mez of the Myrsinaceae (see distribution map no. 685 in Taton, 1980) , Hypericum revolutum Vahl of the Guttiferae (map no. 72 in Bamps, 1971) and Aframomum zambesiacum (Baker) K. Schum. ssp. zambesiacum of the Zingiberaceae (map no. 438 in Lock, 1978) .
Because of the frequent misidentification of P. nodosus in southern Africa, P. richardii was (generally under the name P. thunbergii) erroneously reported from Namibia (Obermeyer, 1966; Podlech, 1966; Lisowski et al., 1978; Clarke & Klaassen, 2001 ), Botswana (Lisowski et al., 1978; Grignon & Johnsen, 1986) , Lesotho (Obermeyer, 1966) , Seychelles (Robertson, 1989) , and Mauritius and Réunion (Scott, 1984) . Note also that all the specimens we studied from the Okavango watershed, referred to P. richardii (as 'P. thunbergii'), proved to belong to P. nodosus, whereas true P. richardii, often reported from there, is absent from this region (see Fig. 6 ).
Although this study revealed that P. nodosus and P. richardii may occur close to each other in some countries, their ranges are nearly mutually exclusive. The main areas of distribution of these two species in Africa are different: P. richardii is common in a strip c. 500-1000 km wide from Eritrea along the Great Rift Valley down to eastern South Africa but is rare elsewhere (Fig. 6) , whereas P. nodosus occurs mainly in northern and southern Africa and on surrounding islands and is absent from the equatorial tropical areas (Fig. 3) . The only part of Africa where both species occur close to each other is eastern South Africa. Floating leaves absent or present; lamina coriaceous, light green, opaque, often with a reddish or brownish tinge, narrowly oblong to elliptical, mostly narrowly cuneate at base; petiole sometimes narrowly winged towards the lamina, never with a discoloured section. Submerged leaves almost always present, sessile, subsessile to petiolate; lamina membraneous, narrowly lanceolate to oblong-elliptical, sometimes the lowest leaves reduced to phyllodes, green-brownish or reddish, seldom fresh green, generally 7(-9)-veined, rarely up to 13-veined, lower leaves sometimes only 5-veined, with acute to mucronate apex; petiole mostly 0-3 cm long, rarely that of the uppermost leaves up to 7 cm long, mostly 0-0.2 times as long as the lamina, rarely that of the uppermost leaves up to as long as the lamina.
Potamogeton schweinfurthii
Stipules persistent, relatively long and narrow throughout their length, acute. Peduncles thicker than the stem, at least towards the spike. Fruits 2.9-3.9(-4.1) mm long, greyish green or dark green to yellowish green or sometimes yellow-brown, with ± obtuse and low dorsal keel.
Stem anatomy: stele of trio type, rarely of proto or oblong type, endodermis of U-type, interlacunar bundles present, in one circle (rarely in two circles of which one is incomplete), subepidermal bundles absent or scattered ones present, pseudohypodermis present, one-layered. Potamogeton schweinfurthii occurs in most of Africa, but is particularly rare in the north-western part (Fig. 9) . It is relatively frequent in large lakes and locally also in other aquatic habitats especially in eastern and southern Africa. Besides the African mainland, the species has been collected in the Azores and in Madagascar. It is here reported for the first time from Algeria, Tunisia, Burkina Faso and Niger.
DISCUSSION
Distinguishing the three similar broad-leaved species that occur in tropical and southern Africa, P. nodosus, P. schweinfurthii and P. richardii, is sometimes difficult, especially when only incomplete or inadequately preserved material is available. Although each of these species produces a 'typical' or specific phenotype, which is easy to recognize, they may mimic morphology similar to one or both of the other species. The wide morphological variation in Potamogeton taxa, in particular their phenotypic plasticity (cf. Kaplan, 2002) , makes these phenotypes morphologically indistinguishable when specimens lack other important features, such as fruits or well-preserved submerged leaves. The range in variation of some characters shows considerable overlap between species.
In attempts to identify southern-and eastern-African broad leaved Potamogeton species we must accept that there are no simple morphological characters for the easy determination of all specimens. This also means that the characters given below are generally not exclusive: if the specimen has a particular character, the species is identified, but if it does not, the species is not excluded from consideration. This is the main reason why it is impossible to construct a simple key using only external vegetative morphology.
The determination of African specimens of the P. nodosus-richardii-schweinfurthii complex usually starts with well-developed and preserved specimens or morphotypes specific for one of the species. The process of identification may follow the following steps. If a plant has several to many well-preserved submerged leaves that are all sessile or only shortly petiolate (up to 2 cm), the specimen is P. schweinfurthii. The occurrence of submerged leaves with the lamina reduced to phyllodes in addition to well-preserved laminar leaves, whether these are sessile or petiolate, also indicates P. schweinfurthii. Another important feature of this species is the sharply mucronate apex of submerged leaves. Freely flowering or fruiting plants without floating leaves also should be P. schweinfurthii. Plants with fruits that are distinctly and sharply three-keeled (on the dorsal side and laterally) and more than 4.0 mm long belong to P. richardii. A clear discoloured section at the upper end of the petiole (at the junction with the lamina) of floating leaves is present in eastern and southern African Potamogeton species only in P. richardii. Welldeveloped and preserved submerged leaves with a narrowly obtuse to subacute but not sharply mucronate apex and long petioles indicate that the plant belongs to P. nodosus.
Alternatively, identification can be made by means of successive exclusion of the eligible species. For example, more than two well-preserved submerged leaves on the main stem of an adult plant exclude P. richardii. This species also does not have deeply reddish fruits. Completely sessile or subsessile submerged leaves exclude P. nodosus. Submerged leaves obtuse at their apices exclude P. schweinfurthii. The diagnostic characters of these three species are summarized in Table 1 , which can be also used as a multiaccess key to the taxa.
If a determination based on the above characters fails, which often means that the specimen is insufficiently developed or inadequately preserved, details of stem anatomy are needed for a reliable identification. The importance of stem anatomy for Potamogeton systematics was revealed by Raunkiaer (1896 Raunkiaer ( , 1903 and later repeatedly utilized to resolve taxonomic difficulties in various studies, e.g. by Fischer (1904 Fischer ( , 1905 Fischer ( , 1907 , Hagström (1916) , Ogden (1943 Ogden ( , 1974a , Symoens et al. (1979) , Tur (1982) , Wiegleb (1990a, b) , Kaplan (2001) and Kaplan & Wolff (2004) . A detailed review is provided by Wiegleb (1990c) . Descriptive terms used in stem anatomy are explained by Kaplan (1998), and Symoens et al. (1979) give line drawings and Kaplan (2001) colour photographs of the important anatomical structures (interlacunar and subepidermal bundles, pseudohypodermis).
At this stage of the identification process the specimen may belong to any of the three species. If the anatomical study shows that the endodermis is of O-type and there are no bast bundles in the cortex (or rarely one or a few) the specimen is P. nodosus. Identification of this species based on stem anatomy is generally successful if the stem tissue is well prepared. In contrast, distinguishing between P. schweinfurthii and P. richardii is more difficult because these species share many anatomical features: endodermis consists of U-cells and at least one circle of interlacunar bundles is present. However, P. richardii usually has two or three circles of well-developed interlacunar bundles, whereas in P. schweinfurthii they are mostly confined to a single circle, or rarely two circles of which one is incomplete. Subepidermal bundles are usually numer- ous in P. richardii but absent or only scattered in P. schweinfurthii. Before the final determination, the anatomical data should be compared with the morphology of the plant. In most cases, these two species are relatively easily distinguishable. By contrast, plants of P. schweinfurthii with well-developed floating leaves may sometimes be very similar to diminutive phenotypes of P. richardii. The occurrence of well-preserved submerged leaves, and relatively small (up to 3.9 mm long), greyish green to yellowish green fruits with or without indistinct lateral keels only indicate P. schweinfurthii. By contrast, large (often more than 4 mm long) and distinctly tricarinate fruits of ochre brown to pale brown colour are typical of P. richardii.
An investigation of stem anatomy is usually necessary for the identification of landforms. Care must be taken not to section the lower part of the stem as it often has an abnormal anatomy. Thanks to its unique stem anatomy, P. nodosus is often easily recognizable in well-prepared specimens. Yet the reliable identification of landform of P. schweinfurthii and P. richardii is often impossible. It is unlikely that any of the badly prepared or fragmentary herbarium specimen will be identified. This shows the importance of collecting rich and well-developed voucher collections whenever possible and their careful preparation.
The majority (86%) of the specimens of P. nodosus from Africa in herbaria were designated with incorrect names (particularly P. natans, 'P. thunbergii' or 'P. fluitans') or were unidentified. However, the extent and pattern of confusion vary greatly between the regions of Africa. Identification of the material from Africa north of the Sahara, inspired by European Floras, resulted in 26% correctly identified. The most often misapplied name is that of the northern temperate species P. natans L. (33%), followed by the generally misinterpreted name 'P. fluitans' (18%). By contrast, most of the collections of P. nodosus from north-east tropical Africa were named P. schweinfurthii (35%) or P. richardii (13%), whereas those from southern Africa were mostly called P. thunbergii (64%) or P. schweinfurthii (10%). Only two collections (4%) of P. nodosus from southern Africa were correctly identified, and none from south tropical Africa, which are most frequently identified as P. richardii (33%) or P. thunbergii (25%). Rare confusions include, for example, P. lucens (4%), P. parmatus (1%) or P. octandrus (1%). Nineteen per cent of the col- lections of P. nodosus from Africa south of the Sahara in herbaria were unidentified. Similarly, P. nodosus was widely confused with other species, and many records of P. richardii are incorrect. The vast majority of adult plants with preserved submerged leaves identified in herbaria as P. thunbergii or P. richardii actually belong to P. nodosus (83%) or P. schweinfurthii with floating leaves (11%) and only 6% were identified correctly. This may also have affected the descriptions of P. richardii given in local floras.
The misidentification of P. nodosus as P. richardii in the southern part of Africa is easily understood as they have similar above-water parts. In addition, the floating-leaved morphotypes of P. schweinfurthii (Fig. 8) are often incorrectly determined as P. richardii, even though they mostly have also submerged leaves. The reason is that P. schweinfurthii is sometimes described as a totally or predominantly submerged species, whereas the plants with floating leaves are usually assigned to P. richardii regardless of their other characters. P. schweinfurthii is able to flower and fruit freely with all its leaves submerged. On the other hand, this species shows high variation (and perhaps also plasticity) in its capacity to produce floating leaves. In fact, the occurrence of floating leaves varies greatly not only in P. schweinfurthii but also in some related species, both at the taxonomic level and within populations, as is illustrated by the following examples. The variation in the production of floating leaves in P. schweinfurthii is analogous to that in some other species of the P. lucens group (sensu Wiegleb, 1988) such as P. illinoensis Morong, P. gramineus L., P. wrightii Morong and of the unrelated P. alpinus Biv. These taxa also exhibit within-species variation in this character as both populations with abundant floating leaves or entirely submerged leaves and all kinds of intermediate states occur. The fact that it was a river-form (phenotype) with narrow floating leaves that was originally described as P. schweinfurthii led to superfluous descriptions of the more usual or 'lucens-like' forms as separate species by Hagström (1916) and Bennett (1924) . Similarly, the eastern Asian species, P. wrightii, was initially defined as having only submerged leaves (Morong, 1886) and the floating-leaved forms were later repeatedly described as P. hindostanicus Hagstr., P. malainoides Miki and P. jeholensis Kitagawa (see Wiegleb, 1990b) . In addition, the range of variation of the American P. illinoensis was not appreciated for a long time. It was first described by Morong in 1880, but still St. John (1925) considered it 'a very local species, restricted to a part of the Mississippi valley in western Illinois, eastern Iowa, and Minnesota' and the majority of the specimens of P. illinoensis were called either 'P. lucens', 'P. angustifolius' or 'P. Zizii'. Several new names were proposed for this species mainly for specimens from Central and South America (e.g. P. *brasiliensis A. Benn., P. ziziiformis Hagstr., P. macrophylloides Hagstr., P. pulchelliformis Hagstr., P. pedersenii Tur) before it was recognized that all these forms belong to a single variable species (Wiegleb & Kaplan, 1998) . Therefore, the presence vs. absence of floating leaves in a specimen cannot be taken as a diagnostic character in the identification of many species pairs, including the couple P. richardii and P. schweinfurthii. However, we are aware that experimental confirmation of the variation and plasticity in the capacity of P. schweinfurthii to produce floating leaves is desirable.
It was a heterophyllous plant that was described by Denny & Lye (1973) under the name P. bunyonyiensis, and thought to be a hybrid between P. schweinfurthii and P. richardii (as 'P. thunbergii'). We have studied the type K. A. Lye et al. 5216 (K) and 11 other collections of broad-leaved Potamogeton from Lake Bunyonyi. The type specimen is a terminal flowering part of a stem, with both floating and submerged leaves, which have lanceolate-oblong lamina, acute to markedly mucronate at apex, and petioles without any trace of a discoloured section. This plant clearly shows the features of P. schweinfurthii but no sign of unequivocal influence of P. richardii. We are unable to distinguish P. bunyonyiensis from other specimens of P. schweinfurthii with floating leaves. The stem anatomy is also within the variation range of that of P. schweinfurthii. Until there is more convincing evidence, the existence of an hybrid between P. schweinfurthii and P. richardii is doubtful.
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